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ABSTRACT 


Testing  was  performed  to  determine  the  useful  shelf/service  life  for 
LGM-30  Stage  1  Rocket  Motors.  A  three  year  storage  program  for  propellant 
and  components  was  started  In  May  1961.  This  program  was  then  extended  to 
a  ten  year  study  and  later  continued  Indefinitely  to  assure  that  a  deterior¬ 
ation  in  mo tor. physical  characteristics  could  be  detected  in  time  to  take 
some  corrective  actions  before  the  weapon  system  performance  deteriorated 
below  an  acceptable  level. 

This  report  covers  only  propellant  data  and  limited  case  bond  data. 

The  malfunction  of  an  environmental  chamber  destroyed  component  samples 
that  had  originally  been  part  of  this  testing  program  (and  the  inadvertent 
burning  of  some  motors  during  dissection  reduced  the  material  available  for 
testing) .  Planned  dissection  of  sleeted  motors  in  the  future  will  provide 
samples  for  continued  component  testing.  Test  specimens  for  this  reporting 
period  were  obtained  from  motors  STM-012,  0012099,  and  0012199.  UP-7775 

block  propellant  was  not  tested  since  that  propellant  has  been  used  up. 

A  new  technique  of  Multi-symbol  Regression  Analysis  was  used  to  determine 
aging  trends.  Also,  using  a  unique  plotting  code  for  each  motor  tested  demon¬ 
strates  the  relationship  between  motors  and  block  propellant.  The  plotting 
symbols  for  each  motor  and  block  propellant  are  listed  in  the  statistical 
analyses  section. 

The  data  from  this  test  period  was  combined  with  data  from  previous 
testing  and  entered  into  the  G085  computer  for  storage,  analysis,  and  regres¬ 
sion  analysis.  From  the  statistical  analysis  of  all  data  tested  to  data, 
significant  degradation  of  the  propellant  does  not  appear  likely  for  at 
least  two  years  past  the  oldest  data  point. 

Furture  testing  will  be  conducted  on  dissected  motors. 
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GLOSSARY  OF  TERMS  AND  ABBREVIATIONS 


Aging  Trend 

CSA 

DB 

Degradation 

E 

EB 

EGL 

Ml 

er 

"F"  ratio 


JANNAF 
MAKPH 
Ogden  ALC 

r  or  R 

Regression 

Equation 

Regression 

Line 

Sb 


A  change  in  properties  or  performance  result¬ 
ing  from  aging  of  material  or  component 

Cross  Sectional  Area 

Dogbone 

Gradual  deterioration  of  properties  or  performance 

Modulus  (psi) ,  defined  as  stress  divided  by 
strain  along  the  initial  linear  portion  of  the 
curve. 

End  Bonded 

Effective  Gage  Length 
Strain  at  maximum  stress 
Strain  at  rupture 

The  ratio  of  the  variance  accounted  for  by  the 
regression  function  to  the  random  unexplained 
variance.  The  regression  function  having  the 
most  significant  "F"  ratio  is  used  for  plotting 
data.  The  ratio  is  also  used  in  detecting  signi¬ 
ficant  changes  in  random  variation  between 
succeeding  time  points 

Joint  Army,  Navy,  NASA,  Air  Force  Committee 

Propellant  Lab  Section  at  Ogden  Air  Logistics  Center 

Ogden  Air  Logistics  Center,  Air  Force  Logistics 
Command 

The  Correlation  Coefficient  is  a  measure  of  the  degree 
of  closeness  of  the  linear  relationship  between  two 
variables 

The  general  form  of  the  regression  equation 
is  7  •  a  +  bx 

Line  representing  mean  test  values  with  respect 
to  time 

Standard  error  of  estimate  of  the  regression 
coefficient 


GLOSSARY  OF  TERMS  AND  ABBREVIATIONS  (cont) 


se  SY.X 

Sm 

Sr 

Standard 
Deviation  (Sy) 

Strain  Rate 

"t"  test 

Variance 

3  Sigma  Band 

90-90  Band 


Standard  deviation  of  the  data  about  the 
regression  line 

Maximum  Stress 

Stress  at  rupture 

Square  root  of  variance 


Crosshead  speed  divided  by  the  EGL 

A  statistical  test  used  to  detect  significant 
differences  between  a  measured  parameter  and  an 
expected  value  of  the  parameter  (determines  if 
regression  slope  differs  from  zero  at  the  95Z 
confidence  level) 

The  sum  of  squares  of  deviations  of  the  test 
results  from  the  mean  of  the  series  after  divi¬ 
sion  by  one  less  than  the  total  number  of  test 
results 

The  area  between  the  upper  and  lower  3  sigma 
limit.  It  can  be  expected  that  99.73Z  of  the 
inventory  represented  by  the  test  samples  would 
fall  within  this  range  assuming  that  the  popu¬ 
lation  is  normally  distributed. 

It  can  be  stated  with  90Z  confidence  that  90Z  of 
the  inventory  represented  by  the  test  samples 
would  fall  within  this  range  assuming  that  the 
population  is  normally  distributed 
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INTRODUCTION 

A.  PURPOSE: 

This  report  contains  test  data  from  samples  of  LGM-30  Stage  I,  Wings 
I-V  TP-H1011  propellant  and  case  bond  specimens.  Testing  was  performed 
by  the  Propellant  Laboratory  Section  (MAKPH)  for  the  Engineering  and 
Reliability  Branch  of  the  Airmunitions  Management  Division  (MMWRBM)  under 
Project  M82934C-WNL17514.  This  report  is  the  twelfth  in  this  series. 

Data  from  this  test  period  and  propellant  test  data  from  the  eleven  previous 
reports  were  entered  into  the  G08 5  .computer  for  regression  analysis.  The 
regressions  are  shown  in  this  report.  - 

B.  TEST  PROGRAM: 

The  LGM-30  Laboratory  and  Component  Program  includes  the  testing  of 
materials  used  in  the  main  case  and  main  grain  propellant.  This  report 
covers  TP-H1011  propellant  and  case  bond  specimens.  Table  I  outlines 
the  test  program. 

Propellant  for  testing  was  obtained  from  three  dissected  motors; 

STM-012,  a  motor  prepared  by  Thiokol  specifically  for  dissection;  S/N 
0012099,  a  SLIM  motor  and  S/N  0012199  which  was  selected  for  dissection. 
UP-7775  block  propellant  which  had  been  tested  during  previous  test 
periods  was  not  tested  at  this  test  period  as  it  was  used  up  during  the 
last  test  period. 

C.  HISTORICAL  BACKGROUND: 

In  May  1961,  Thiokol  began  a  three  year  LGM-30  laboratory  storage  and 
test  program  to  determine  the  rate  of  degradation  with  age  for  Stage  I 
materials.  During  June  1962  and  again  in  August  1963,  additional  samples 
were  Included.  New  samples  were  added  in  July  and  August  1964  when  the 
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surveillance  testing  program  was  extended  to  ten  years  (Test  Plan  0717- 
62-0967,  53-8).  Carton  block  propellant,  batch  UP-7775,  containing 
TP-H1011  propellant  cast  in  March  1962  was  added  to  the  program  in  1964. 

Samples  added  to  the  inventory  in  1964  were  considered  to  be  a  new 
population,  but  were  combined  in  regression  analysis  with  the  three  dis¬ 
sected  motors.  The  history  of  testing  of  these  materials  is  found  in 
MQQP  Report  Nrs.  109A(67),  144(68),  208(71),  and  MANCP  Report  358(76). 
Physical  transfer  of  the  specimens  from  Thiokol  to  Ogden  ALC  was  made  in 
June  1967. 
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TABLE  I 
TEST  PROGRAM 


All  Temperatures  in  Fahrenheit 
Motors  STM-012,  S/N  0012099,  S/N  0012199 


(Block  Propellant  UP-7775  was  included  in  this  portion 
of  the  test  program  in  previous  test  periods) 


;  1 

Test 

Conditions 

Spec/Cond 

Spec  Config 

.  4 

[  .  i 

Tensile 

77°,  2.0  & 

20  in/min 

5  ea 

JANNAF 

Dogbone 

Creep 

77°,  10  & 

12  lb  load 

3  ea 

JANNAF 

Dogbone 

1 

■■  ' 

K 

Stress  Relax 

77°,  3  &  555 
strains 

3  ea 

1/2"  x  1/2" 
x  4" 

J 

;  i 

Strain 

77°,  .25  in/ 

3  ea 

1/2"  x  1/2" 

\  ji 
:  ) 

Dilatation 

in/min 

\ 

x  4" 

Hardness 

77°,  initial 
&  10  seconds 

5  ea 

Dogbone  Ends 

s*  i 

■ 

HOE 

77° 

3  ea 

1/2'  x  3/8"  x  1' 

* 

Burning  Rate 

77°,  500  & 

5  ea 

.156"  x  .156" 

i 

1000  psi 

- 

x  5" 

i 

DTA 

77°  start 

3  ea 

0.04o"  wafer 

Ignitability 

77°,  168  cal / 
cafi  -  sec 

3  ea 

0.050"  wafer 

^  •  Sol  Gel 

i 

77° 

6  ea 

1/2"  x  1/2" 
x  1/2" 

UP-7775  was  NOT 

_included  in  this  portion  of  the  test 
in  previous  test  periods . 

program 

High  Rate 
Tensile 

77°,  1000 
in/in/min 

5  ea 

3/4"  GL  Dogbone 

; 

.  %A 

High  Rate 

Tri axial  Ten 

77°,  1000  in/in/  3  ea 

min,  600  psi 

3/4"  GL  Rail 

",  ’* 
K  ,> 

Dynamic 

77°,  70  gm 

3  ea 

3.3"  x  3.3"  x 

\  l 

* 

Response 

ct.  vt. 

0.690"  disc 

. 

Biaxial  Constant  77° 

Strain 

3  ea 

3/4"  GL  Rail 

i 
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TABLE  I 

( cont) 

Test 

Conditions 

Spec/Cond 

Spec  ConfiR 

Failure 

Envelope 

Temp:  -50°,  -20°, 
10°,  1*0°,  77°, 

130°  &  180°F  at 
a  rate  of  0.2, 

2.0  &  20  in/min 

3  ea 

JANNAF 

Dogbone 

STM-012  and  S/N 

0012199  only  were  used  for 

the  following  tests : 

Case  Bond 
Tensile 

77°,  0.2  in/min 

10  ea 

1"  x  5/8"  x 
3/4" 

Tear  Energy 

77°F  1  2° 

8  ea 

0.1"  x  1.18" 
x  3" 

Poisson's  Ratio 
(Strain  Dila¬ 
tation  ) 

77°F  ±  2° 

10,  15,  20, 

25,  30* 

6  per/ 
condition 

0.50"  x  0.50' 
x  4” 

STATISTICAL  ANALYSIS 
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The  objective  of  this  statistical  analysis  was  to  determine  whether 
or  not  any  aging  trends  are  demonstrated  by  accumulated  test  data  in 
order  to  assist  Service  Engineering  to  more  accurately  predict  motor 
serviceability . 

Propellant  was  made  available  for  testing  and  statistical  analysis 
was  performed  on  the  resultant  data  in  order  to  obtain  an  overall  view  of 
the  aging  trends  affecting  the  First  Stage  Dissected  Motor  Program.  The 
sampling  consisted  of  data  from  two  dissected  operational  motors  (0012099 
and  0012199),  and  one  motor  (STM-012)  which  was  prepared  by  Thiokol  spec¬ 
ifically  for  the  dissection  program.  In  addition,  carton  propellant  data 

•* 

*•  (batch  UP-7775)  which  was  tested  previously  was  included  in  the  regression 

» 

i  analyses. 

i  A  new  technique  of  Multi-symbol  Regression  Alanlysis  Program  was  used  to 

determine  aging  trends.  The  sampling  is  combined  for  each  test  parameter  in  a 
single  regression  analysis.  The  linear  equation  (Y  *  a  +  bX)  was  found  to  be 
the  best  fit  model  for  the  data  in  this  report.  A  composite  population  aging 
trend  line  is  then  calculated  accepting  the  fact  that  individual  aging  of 
different  populations  may  be  masked. 

The  Multi-symbol  Program  uses  a  unique  plotting  code  for  each  motor  and 
carton  data  on  the  regression  plots.  This  method  of  data  plotting  allows 
a  visual  display  of  the  overall  relationship  between  the  various  origins 
of  data  and  how  they  relate  to  the  overall  least  square  aging  trend  line. 

The  regression  program  uses  an  analysis  with  individual  data  points 
from  different  time  periods  combined  to  establish  a  least  square  aging 
trend  line  for  the  overall  data.  The  variance  about  the  regression  line, 
obtained  using  individual  values  of  the  dependent  variable,  was  used  to 
compute  a  tolerance  interval  such  that  at  the  90%  confidence  level  90%  of 
the  population  falls  within  this  interval.  This  tolerance  interval  was 
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extrapolated  to  a  maximum  of  24  months  to  give  an  indication  of  the 
statistical  significance  of  the  slope  of  any  aging  trends.  The  computer 
tolerance  interval  about  the  composite  regression  line  is  wider  than  what 
the  tolerance  interval  would  be  about  any  individual  motor  or  carton 
regression  line  because  of  the  increased  data  spread  introduced  by  combining 
different  populations  of  data.  The  "t"  values  and  the  significance  of 
this  statistic,  which  are  reported  for  each  regression  model,  gives  an 
indication  of  the  "statistical  significance"  of  the  slope  of  the  aging 
trend  in  the  Y-axis.  Data  and  regression  trend  lines  were  plotted  utilizing 
an  IBM-360/65  computer. 

V 

ORIGIN  SYMBOL  TABLE 


Origin 

DOM 

Wing 

Symbol 

Motor  0012099 

63166 

2 

0 

Motor  0012199 

63227 

2 

1 

Motor  STM-012 

61221 

1 

S 

Carton  UP-7775 

62075 

1 

u 

*  The  last  of  carton  UP-7775  block,  propellant  was  used  up  on  the  previous 
testing  period.  No  new  data  for  UP- 7775  will  appear  in  this  report. 


TEST  RESULTS 


Regression  analysis  is  Che  method  of  evaluation  used  in  the  analysis 
of  the  test  results. 

A.  TENSILE: 

Low  rate  tensile  test  data  at  2,0  in/min  shows  a  statistically  sig- 
nificant  gradual  decreasing  slope  for  strain  at  maximum  stress  and  strain 
at  rupture.  Maximum  stress  and  stress  at  rupture  do  not  show  a  significant 
slope.  The  modulii  show  a  statistically  significant  increase  slope 
(Figures  1  thru  5) . 

The  20  ln/mln  low  rate  tensile  test  data  shows  a  statistically  sig- 

t 

nificant  decreasing  slope  for  the  strain  at  maximum  stress,  strain  at 
rupture  and  stress  at  rupture.  Maximum  stress  and  modulus  do  not  show  a 
significant  slope  direction  (.Figures  6  thru  10).  • 

No  significant  slope  direction  is  shown  for  the  high  rate  regressions 
(Figures  11  thur  15) , 

High  rate  triaxial  testing  shows  a  statistically  significant  increas¬ 
ing  slope  direction  for  the  strains  with  the  stresses  showing  no  signifi¬ 
cant  slope  direction.  Modulus  shows  a  statistically  significant  decrease 
slope  direction  (Figures  16  thru  20) . 

Case  bond  tensile  data  shows  a  statistically  significant  decreasing 
slope  (Figure  21).  For  this  test  period  10  specimens  from  STM-012  and 
4  specimens  from  0012199  were  tested.  The  failure  mode  for  all  STM-012 
specimens  was  100%  adhesive,  liner  to  propellant,  and  for  0012199  the 
failure  mode  was  100%  adhesive,  liner  to  propellant  for  three  specimens 
and  for  one  specimen  50%  adhesive,  liner  to  propellant  and  50%  adhesive, 
case  to  liner. 
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B.  CREEP: 


7or  Che  10  and  12  pound  load  test  the  regressions  show  a  stat¬ 
istically  significant  decreasing  slope  (Figures  22  thru  29). 

C.  STRESS  RELAXATION: 

Stress  relaxation  modulus  for  both  3%  and  5Z  strain  shows  no  signifi¬ 
cant  slope  direction  except  for  5Z  strain  at  10  seconds  which  shows  a  stat¬ 
istically  significant  increase  (Figures  30  thru  37). 

D.  CONSTANT  STRAIN: 

A  statistically  significant  decreasing  slope  is  shown  for  constent  strain 
(Figure  38). 

E.  SHORE  HARDNESS: 

The  Shore  A  ten  second  hardness  shows  no  significant  slope  (Figure  39). 

F.  DYNAMIC  RESPONSE: 

The  loss  tangent  regression  for  200  and  400  Hz  show  a  non-significant 
slope  trend.  The  storage  shear  modulus  at  200  and  400  Hz  shows  a  statically 
significant  decreasing  slope  (Figures  40  thru  43) . 

G.  TEAR  ENERGY: 

No  significant  slope  is  seen  for  tear  energy  (Figure  44), 

H.  SOL  GEL: 

The  percent  extractables  and  weight  swell  ratio  shows  no  significant 
slope  (Figures  45  and  46).  Sol  gel,  density  and  crosslink  density  show 
a  statistically  significant  decreasing  slope  (Figures  47  and  48), 


I.  BURNING  RATE: 


A  statistically  significant  decreasing  slope  is  shown  for  both  the 
500  and  1000  psi  testing  (Figurea49  and  5Q), 

J.  HEAT  OF  EXPL0SING  (HOE):  . 

The  HOE  regression  shows  statistically  increasing  lsope  (Figure  51) . 

K.  DIFFERENTIAL  THERMAL  ANALYSIS  (DTA) : 

The  endotherm  does  not  show  a  significant  slope  direction  (Figure  52), 
The  exotherm  shows  a  statistically  significant  decreasing  slope  and 
the  Ignition  temperature  shows  a  statistically  significant  increasing 
slope  (Figures  53  and  54), 
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CONCLUSIONS 

The  test  results  show  that,  under  present  storage  conditions, 
soae  of  the  physical/mechanical  and  combustion  properties  of  the  pro¬ 
pellant  indicate  statistically  significant  aging  trends.  On  some 
regressions  where  a  significant  trend  is  Indicated,  the  slope  of  the 
trend  line  is  quite  gradual  and  no  operational  problems  are  expected. 
On  other  regressions,  l.e.,  trlaxial  tensile  and  burning  rate,  the 
slope  of  the  trend  line  appears  quite  steep  although,  in  reality,  the 
percent  change  is  minor  as  indicated  by  the  formulas  found  at  the  top 

v 

of  each  figure.  The  T-axls  range  is  automatically  varied  by  the  data 
spread  to  provide  visibility  between  individual  data  means.  As  a  re¬ 
sult,  the  range^ values  (on  Y-axis)  must  be  considered  when  visually 
analyzing  regression  slopes. 

Although  some  aging  trends  have  been  observed,  it  does  not  appear 


that  any  significant  degradation  will  occur  in  the  propellant  within 
the  next  two  years. 


RECOMMENDATIONS 

It  is  recommended  that  continued  testing  be  conducted  on  the  three 
dissected  motors  presently  being  tested  and  also  on  those  motors  selected 
for  future  dissection  and  testing  by  Service  Engineering.  On  those  motors 
selected  for  future  dissection,  testing  should  include  the  propellant, 
casebond  specimens,  and  component  materials. 
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This  saaple  size  suasary  is  applicable  to  figures  1  thru 
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STAGE  1  DISSECTED  MOTORS. LOW  RATE  CHS=2.0  IN/MIN. STRAIN  AT  RUPTURE 
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STAGE  1  DISSECTED  MOTORS, LOW  RATE  CHS=2.0  JN/M1N, STRESS  RT  RUPTURE 


***  SAMPLE  S12E  SUMMARY  *•* 
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This  sample  size  summary  is  applicable  to  figure 
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DISSECTED  MOTORS. LOW  RATE  CHS=2.0  IN/MIN. MODULUS 


***  SAMPLE  SIZE  SUMMARY  *** 
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This  sample  size  summary  is  applicable  to  figures  6  thru 


SSECTED  MOTORS. LOW  RRTE  CHS=20.0  IN/M1N, STRAIN  MAX  STRESS 


55ECTED  MOTORS. LOW  RATE  CHS =20.0  IN/M1N. MRX1MUM  STRESS 


SSECTEO  MOTORS, LOW  RATE  CHS=20.0  JN/MJN. STRAIN  AT  RUPTURE 


SSECTED  MOTORS. LOH  RATE  CHS=20.0  IN/MIN, STRESS  AT  RUPTURE 


***  SAMPLE  S I 2E  SUMMARY  *** 


This  sample  size  summary  is  applicable  to  figure  10 


SSECTED  MOTORS , LOW  RATE  CHS=20.0  IN/MIN. MODULUS 


*♦*  SAMPLE  SI2E  SUMMARY  • 
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This  saaple  size  smeary  is  applicable  to  figures  11  thru  15 


STAGE  1  DISSECTEO  MOTORS. HIGH  RATE  CHS-1750  IN/MIN, STRAIN  MAX  STRESS 
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***  SAMPLE  SIZE  SUMMARY  **♦ 


This  sample  size  summary  is  applicable  to  figures  16  thru  20 
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DISSECTED  TP-H10H.H.R.TRI AXIAL  CHS=1750  IN/MIN.600  PSI. STRAIN  MAX  STRESS 
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DISSECTED  TP-HIOI l .H.R. TRIAXIAL  CHS=1750  IN/MIN.600  PSI, MAXIMUM  STRESS 
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DISSECTEO  TP-H101 1 .H.R. TRIflXIflL  CHS=1750  IN/MIN.600  PSI , STRESS  AT  RUPTURE 
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***  SAMPLE  SIZE  SUM  MAR  >  *** 
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CRSEBOND  TENSILE.  STAGE  l  DISSECTED.  CHS  0.2.  CSR  0.75 


DISSECTEO  MOTOR  TP-H101 1 .CREEP  10  LB  LORO , COMPL 1 RNCE  RT  10  SEC 


DISSECTED  MOTOR  TP-HIOU . CREEP  10  LD  LORO. COHPLIRNCE  RT  20  SEC 


AGE  AT  TEST  (YEARS) 

OISSECTEO  MOTOR  TP-HlOl 1 .CREEP  10  LB  LORD, COMPLIRNCE  RT  1000  SEC 
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T  -  ((  ♦3.5I67596E-03  )  ♦  (  -7.8579746E-06  )  m  X) 

♦2. 1478094E+01  .  SIGNIFICANCE  OF  F  -  SIGNIFICANT  ♦6.3410566E 

-6.0092372E-01  SIGNIFICANCE  OF  R  -  SIGNIFICANT  S, -  +1.69S5584E 

♦4. 6344464E+00  SIGNIFICANCE  OF  t  •  SIGNIFICANT  St-  +5.1347040E 

40  DEGREES  OF  FREEDOM  -  38 


DISSECTED  MOTOR  TP-H101 1 , CREEP  10  LB  LOAD, COMPLIANCE  AT  10,000  SEC 


***  SAMPLE  SIZE  SUMMARY  *** 
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This  sample  size  sumnary  Is  applicable  to  figures  2b,  27  and  28 


AGE  AT  TEST  (TERRS) 
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TP-H101 1  DISSECTED  MTRS .  STRESS  RELAXATION  MODULUS.  3  PERCENT  STRAIN,  iO  SEC 
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TP-H1011  0! S5ECTE0  MTRS .  STRESS  RELflXRT I  ON  MODULUS,  3  PERCENT  STRRIN.  1000  SEC 


•  **  SAMPLE  SUE  SUMMARY 
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This  sample  size  summary  is  applicable  to  figures  34  thru  37 
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TP-H1011  0 1 S5ECTEO  MTRS, STRESS  RELAXATION  MODULUS.  5  PERCENT  STRAIN.  SO  SEC 
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TP-H10U  0 1 SSECTEO  MTRS .  STRESS  RELAXATION  MODULUS.  5  PERCENT  STRAIN.  100  SEC 


SSECTED  MTRS,  STRESS  RELAXATION  MODULUS.  5  PERCENT  STRAIN.  lOOO  SEC 


***  SAMPLE  SIZE  SUMMARY  **• 
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***  SAMPLE  SIZE  SUMMARY  **♦ 


This  sample  size  summary  is  applicable  to  figure  39 
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STAGE  1  DISSECTED  MTP5,  SHORE  A  HARDNESS.  10  SECOND 


*♦*  SAMPLE  SIZE  SUMMARY 


This  sample  size  summary  is  applicable  to  figures  40  thru  43 
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STAGE  I  DISSECTED  MOTORS. DYNAMIC  RESPONSE . CENTER-WT  70  GM.LOSS  TANG  AT  200  HZ 
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STAGE  I  DISSECTED  MOTORS . DYNAM I C  RESPONSE . CENTER-WT  70  GM.LOSS  TANG  AT  400  HZ 


01 SSECTED  MOTORS. DYNAMIC  RE SP0N5E . CENTER-WT  70  GM.5T0R  SHEAR  AT  200  HZ 


T  =  ((  +5. 746G319E+03  1  ♦  (  -8 . 0804903E+00  )  *  X) 

♦  4 . 9798307E  +  00  •  SIGNIFICANCE  GF  F  =  SIGNIFICANT  <T,=  +8. 3563830E+02 

-3. 3649647E-01  SIGNIFICANCE  GF  R  =  SIGNIFICANT  S, =  +3. 6210158E+00 

♦2.2315534E+00  SIGNIFICANCE  GF  i  =  SIGNIFICANT  Se =  +7. 9693253E+02 

41  DEGREES  GF  FREEDOM  =  39 


STAGE  !  DISSECTED  MOTORS. DYNAMIC  RESPONSE . CENTER-WT  70  GM.STOR  SHEAR  AT  400  HZ 


#**  SAMPLE  size  summary  ♦+* 


T  =((  + 1 . 29 1 83 1 8E+G0  )  +  (  -3. 0759457E-04  )  *  X) 

*2. 9796631E-02  SIGNIFICANCE  OF  F  =  NOT  SIGNIFICANT  <r,=  +4. 5991832E-01 
-1 . 7259129E-02  SIGNIFICANCE  OF  R  =  NOT  SIGNIFICANT  S, =  + 1 . 78 1 9482E-03 
♦1 . 7261700E-01  SIGNIFICANCE  OF  i  =  NOT  SIGNIFICANT  St  =  +4 . 6214335E-01 


A0y3N3  3AIS3H03  =  y313WdyUd 
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STAGE  I  DISSECTEO  MOTORS,  TEAR  ENERGY  TEST/TEMP=77  DEG 


•  **  SAMPLE  SUE  SUMMARY  *  +  ♦ 
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DISSECTEO  MTR,  STAGE  1.  TP-H1011,  SOL  GEL.  PERCENT  EXTRACTABLES 


DISSECTED  MTR,  STAGE  1.  TP-H1011,  SOL  GEL,  HT  SHELL  RATIO 


DISSECTED  MTR ,  STAGE  1.  TP-HIOH.  SOL  GEL.  DEN 


AGE  AT  TEST  (YEARS) 

0IS3ECTE0  HTR,  STAGE  1.  TP-H10U.  SOL  GEL.  CROSSLINK  DENSITY 


*'**  SAMPLE  S  1 2E  SUMMACV  *** 


This  sample  size  summary  is  applicable  to  figure  49 


T  =  ((  +2. 7944402E-01  )  ♦  (  -1 . 4796502E-04  )  *  X) 

♦1 . 7477424E+01  SIGNIFICANCE  OF  F  =  SIGNIFICANT  (T,=  +2 . 1 954344E-02 
-3 . 09481 1 1 E — 0 1  SIGNIFICANCE  OF  R  =  SIGNIFICANT  S, =  +3 . 5393242E-05 
+4 . 1 8060 1 GE+OO  SIGNIFICANCE  OF  l  =  SIGNIFICANT  Sr  =  +2. 0939675E-02 
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STAGE  1  DISSECTED  MOTORS.  BURNING  RATE  AT  500  PSI  INITIAL  PRESSURE 


♦**  SAMPLE  SIZE  SUMMARY  *** 
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STAGE  1  DISSECTED  MOTORS.  BURNING  RATE  AT  100C  PSI  INITIAL  PRESSURE 


T  =  {(  +3.5895544E-01  )  ♦  (  -3 . 498354 1 E-04  )  *  X) 

926894E  +  02  SIGNIFICANCE  OF  F  =  SIGNIFICANT  Q-,=  +2.1962978E- 

024786E-0 1  SIGNIFICANCE  OF  R  =  SIGNIFICANT  S,  =  +3.2033182E- 

921032E+01  SIGNIFICANCE  OF  t  =  SIGNIFICANT  Se =  +1.7442530E- 


***  sample  size  SUMMAPX  *** 


This  sample  size  summary  is  applicable  to  figure  51 


DISSECTED  MOTORS.  HEAT  OF  EXPLOSION 


T  =  U  +  2 . 4344465E+02  )  +  (  -  1 . 350 1 864E-02  )  *  X) 

+  3 . 8479877E+00  SIGNIFICANCE  OF  F  =  NOT  SIGNIFICANT  (Tt  =  +2. 4607066E+00 
-2. I 171507E-Q1  SIGNIFICANCE  OF  R  =  NOT  SIGNIFICANT  St =  +6 . 882986 l E-03 
+1 .9616288E+00  SIGNIFICANCE  OF  l  =  NOT  SIGNIFICANT  St  =  +2 . 4 1 95457E +00 


STAGE  1  DISSECTEO  MOTORS.  OTA.  ENOOTHERM  l.  12  DEGREE  C  RISE/MINUTE 


T  =  ((  +  2 . 9995088E  +  02  )  +  (  -3 . 980385 1 E-02  )  *  X) 

+  7.11 98556E+Q0  SIGNIFICANCE  OF  F  =  SIGNIFICANT  tr,=  +5. M336872E+00 

-2 . 8264958E -0 1  SIGNIFICANCE  OF  R  =  SIGNIFICANT  S,  =  + 1 . 49 1 7275E-02 
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STAGE  1  0 1 SSECTED  MOTORS,  OTA,  EXOTHERM  1.  12  0EGREE  C  RISE/MINUTE 


*♦*  SAMPLE  SIZE  SUMMAoy  **♦ 
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This  sample  size  summary  is  applicable  to  figure  54 
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SSECTEO  MOTORS.  DTfl  IGNITION  TEMP.  12  DEG  C  RISE/MINUTE 
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SKCU RwY  .CLASSIFICATION  OF  THIS  FAOSfFh*"  Data  Cnla«W> 


This  report  covers  only  propellant  data  and  limited  case  bond  data.  The 
malfunction  of  an  environmental  chamber  destroyed  component  samples  that  had 
originally  been  part  of  this  testing  program  (and  the  inadvertent  burning  of 
some  motors  during  dissection  reduced  the  material  available  for  testing). 
Planned  dissection  of  selected  motors  in  the  future  will  provide  samples  for 
continued  component  testing.  Test  specimens  for  this  reporting  period  were 
obtained  from  motors  STM- 012,  0012099.  and  012199.  Up-7775  block  propellant 
was  not  tested  since  the  propellant  has  been  used  up. 

Separate  analyses  were  made  cm  the  respective  motors  and  block  propellant 
for  the  second  time  in  this  report  and  are  shown  in  the  regressions.  The 
plotting  symbols  for  each  motor  and  block  propellant  are  listed  in  the  statis¬ 
tical  analyses  section. 

The  data  from  thi^fcmst  period  was  combined  with  data  from  previous  testing 
and  entered  into  the  GCftft  computer  for  storage,  analysis,  and  regression  analy¬ 
sis.  Prom  the  statistical  analysis  of  all  data  tested  to  date,  significant 
degradation  of  the  propellant  does  not  appear  likely  for  at  least  two  years 
past  the  oldest  data  point. 

Future  testing  will  be  conducted  an  dissected  motors. 
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